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Optical microdisk cavities with certain asymmetric shapes are known to possess uni-
directional far-field emission properties. Here, we investigate arrays of these dielectric
microresonators with respect to their emission properties resulting from the coher-
ent behaviour of the coupled constituents. This approach is inspired by electronic
mesoscopic physics where the additional interference effects are known to enhance the
properties of the individual system. As an example we study the linear arrangement
of nominally identical Limac¸on-shaped cavities and find mostly an increase of the por-
tion of directional emitted light while its angular spread is largely diminished from
20 degrees for the single cavity to about 3 degrees for a linear array of 10 Limac¸on
resonators, in fair agreement with a simple array model. Moreover, by varying the
inter-cavity distance we observe windows of reversion of the emission directionality
and super-directionality that can be interesting for applications. We introduce a gen-
eralized array factor model that takes the coupling into account.
PACS numbers: 42.55.Sa, 42.60.Da,
Introduction. Optical microdisk cavities have be-
come a target of intense studies because of their versatile
properties to control light, and their unique application
potential [1] as high-Q resonators [2], microlasers [3], [4]
or sensors[5], [6]. Moreover, they play an important role
as widely accessible experimental realizations of theoret-
ical model systems [7] used in quantum chaos [8–11] and
mesoscopic physics [12].
In view of the mutual inspiration of nonlinear dynam-
ics, quantum chaos, antenna theory and the field of opti-
cal microcavities (a paradigm example being the intimate
relation between the unstable manifold of the cavity and
its far-field emission characteristics [13, 14]), it is sugges-
tive to take further inspiration from mesoscopic physics
and its tool box. Besides the wide field of the manipula-
tion of geometric phases [15, 16] in dielectric systems [17–
19], extension of the single system into array or ensemble
structures is known to enhance specific properties in elec-
tronic mesoscopic systems. For example, side structures
of Aharonov-Bohm peaks in magnetoconductance oscil-
lations were resolved in arrays of electronic micro-rings
due to self-averaging in the composite system [20].
In the present work, we want to adopt the concept
of arrays to optical microcavities. Our naive expecta-
tion and motivation is the possibility of an enhancement
of directional emission properties inherent to single de-
formed optical microdisk cavities, e.g. of the Limac¸on
shape [14]. To this end, we investigate a linear ar-
ray (chain) of Limac¸on resonators. The shape of each
∗ jakob.kreismann@tu-ilmenau.de
Limac¸on resonator is given in two-dimensional polar co-
ordinates (r, φ) by r(φ) = R · (1 + δ cos(φ)), where R and
δ represent the mean radius and the deformation param-
eter, respectively. The resonator itself is assumed to be
purely dielectric with a high refractive index of n = 3.0
embedded in vacuum, n0 = 1. The deformation param-
eter is set to δ = 0.43, a value known [14] to provide
highly directional far fields.
We use MEEP (MIT Electromagnetic Equation Propa-
gation [21]), a free finite-difference time-domain (FDTD)
software package for electromagnetic wave simulations,
to calculate the normalized resonance frequencies Ω =
kR = Re(ω)R/c of the Limac¸on resonator, with ω being
the complex frequency and c the speed of light, the qual-
ity factor Q = −0.5Re(ω)/Im(ω), the distributions of the
electric field component Ez(x, y) (modes) and the far-
field intensity I(θ) with far-field angle θ. In the present
work, we study wavelength-scale cavities. For this reason,
kR ∼ 7, with k = 2pi/λ being the wave number and λ the
wavelength in vacuum. We use Ez-point-dipole sources
(electric field E perpendicular to the cavity) placed off-
center to excite the same mode in each cavity and fo-
cus on TM-polarized modes. In addition we use COM-
SOL [22] in order to calculate the eigenfrequency splitting
of the resonator array, which results from the exchange
of energy among adjacent resonators.
We indeed observe the expected enhancement of the far-
field emission of Limac¸on arrays in comparison to the
single resonator due to the coherent operation of all mi-
crocavities in the array. We describe this effect in the
first part of the paper for the weak (evanescent) coupling
regime. However, under certain conditions we observe
the opposite behaviour, i.e., a reversal of the main emis-
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FIG. 1. Frequency splitting of a linear 5-element Limac¸on
resonator array as function of the normalized inter-resonator
distance d/R calculated by COMSOL [22]. D(d) = 2ry + d.
Two different coupling regimes can be clearly distinguished.
The strong-coupling (d/R < 0.8) regime exhibits five pairs
of eigenfrequencies corresponding to five symmetric and five
anti-symmetric array modes. The pairs are hardly visible,
and appear as almost single dots.
sion direction, or super-directional emission, as a result of
the collective action. We investigate this strong-coupling
regime in the second part of the paper and conclude with
a summary.
We point out that the excitation scheme used in the
MEEP simulations is such that all resonators are excited
equally (symmetric configuration, “even mode”) close to
the eigenfrequency of the single cavity. Since the excita-
tion pulse in each resonator has a finite spectral width
that is slightly broader than the spectral splitting of the
array modes for the not too small (and experimentally
relevant) d/R-values considered here, we observe an ex-
citation close to the symmetric array mode with intensity
distributions close to that of the single cavity, cf. Supple-
mental Material SEC. I [23], and dedicate the following
discussion to this case.
Array emission in the weak-coupling regime.
We first investigate a row of Limac¸on resonators with
large inter-resonator distance d/R ∼ 1. In this regime,
the eigenfrequencies do not split, see FIG. 1, indicating
that the resonators do not exchange energy. The entire
array of resonators can thus be treated as a superposition
of individual resonators:
Φarray =
N∑
n=1
αnψn(x, y − yn), (1)
where Φarray describes the electric (or magnetic) field
distribution of the resonator array, and ψn(x, y− yn) are
the electric (or magnetic) eigenmodes of a single Limac¸on
resonator shifted along the y-axis by yn = (n−1)D. The
complex-valued coefficients αn represent the amplitude
and phase of the n-th resonator. In order to compute
the far fields (fields in the Fraunhofer region) of the ar-
ray, we use the near-field-to-far-field-transformation, a
common method in FDTD [24]. From Eq. (1) follows the
z-component EFFz,array of the electric far field (see Supple-
mental Material SEC. II [23]):
EFFz,array(θ) ∝ EFFz,single(θ)
N∑
n=1
αne
−ikD(n−1) sin θ, (2)
where EFFz,single is the z-component of the electric far
field of a single resonator, and θ represents the far-field
angle, see FIG 1. The sum on the right-hand side of
the equation is also known as the array factor AF (θ)
from antenna theory [25]. The array factor describes the
complex-valued far-field pattern of a uniform linear array
of point sources. Thus, the total far field results from that
of a single resonator multiplied by the array factor. In-
deed, our configuration is very similar to antenna arrays.
First, we wish to study the difference between the far
fields of the single resonator and of an array. Figure 2 a
shows the far-field intensity I ∝ ∣∣EFFz,array(θ)∣∣2 depending
on the far-field angle θ within the range of ±30 degrees
for 1, 2, 5 and 10 resonators aligned in a row with con-
stant inter-resonator distance d/R = 1. The solid lines
are the results from the full FDTD calculation whereas
the dashed lines represent results assuming the array fac-
tor model according to Eq. (2). The inset presents the
full polar plot of the far-field intensity. The gray region
marks the ±30 degrees range.
The agreement between these results suggests that the
resonator array behaves as expected from an antenna ar-
ray in the weak-coupling regime considered here [26]. As
a result, the width of the main lobe decreases with in-
creasing number of array elements (resonators) yielding
increased directivity. This feature conforms quantita-
tively to the array factor model. Specifically, we observe
that the width of the main lobe of the far-field emission
from 10 Limac¸on resonators is reduced by roughly one or-
der of magnitude compared to the single resonator case.
Furthermore, we observe that the position and height of
the side lobes varies with the number of elements, satu-
ration at N > 5 (cf. the black arrows). This behaviour
results from the array factor as well (see Supplemental
Material FIG. 2 [23] for more details).
Figure 2 b displays the normalized Ez-field distribu-
tion for one and 10 Limac¸on resonators, respectively. The
far field of one Limac¸on resonator (upper panel) is well
known and very similar to the results e.g. in [27]. The
lower panel shows the situation for 10 resonators and
reveals a strong emission in forward direction as indi-
cated by the black arrows. This enhancement arises from
the superposition of individual, unperturbed resonator
modes of the single Limac¸on cavity within the array.
Array emission in the strong-coupling regime.
We now investigate the emission of the resonator array
for intercavity distances d/R smaller than 1, i.e. encoun-
tering (strong) element coupling. Here, the resonators
are close enough to exchange energy by mutual coupling.
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FIG. 2. a: Intensity plot of the far-field emission from
Limac¸on cavity arrays. The intensity plot displays the far-
field main lobe within the range highlighted by the gray tri-
angular region in the inset (polar plot of the far-field inten-
sity). b: Field distribution of the Ez component of the electric
field of 1 and 10 Limac¸on resonators, respectively. The inter-
resonator distance is d/R = 1. The inset shows the Limac¸on-
shape and for comparison a circle with radius R centered at
x = δR.
As a result, the frequencies of the single resonators split,
and array modes emerge, see FIG. 1 and Supplemental
Material FIG. 1 [23]. Naturally, the array factor model,
Eq. (1, 2), remains no longer valid. Due to the coupling,
the properties of coupled cavities differ from the isolated
case. However, a generalization of this model (general-
ized array factor model) takes the coupling of the res-
onators into account by replacing ψn and E
FF
z,array of the
bare single cavity with the respective quantities ψcn and
EFF,cz,array of the single coupled cavity. The far field of the
resonator array in the strong coupling regime is modeled
by multiplying the far fields of the single coupled cavity
with the array factor:
EFF,cz,array(θ) ∝ EFF,cz (θ)
N∑
n=1
αne
−ikD(n−1) sin θ. (3)
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FIG. 3. a: Emission ratio fr as function of the inter-resonator
distance ratio d/R for arrays with 2,3,4,5,6, and 10 resonators.
b and c: spatial distribution of the normalized electric field
amplitude Ez for the 5-resonator array outside the cavities
and for distance values (b) d/R = 0.44 (minimum of fr –
reversal of directionality) and (c) d/R = 0.34 (maximum of fr
– super-directional light emission in forward direction). Insets
show the polar far-field emission. See text for details.
The generalized array factor model can qualitatively pre-
dict the observed array far fields with all features de-
scribed below while emphasizing the role of coupling.
In order to quantify the directional emission of a res-
onator array, we introduce the far-field emission ratio fr
that is defined by:
fr :=
f+ − f−
f+ + f−
, (4)
where f+ =
∫ 10◦
−10◦ I(θ)dθ is the forward directional
emission and f− =
∫ 190◦
170◦ I(θ)dθ represents the back-
ward directional emission. Emission ratios fr greater
(smaller) than 0 represent forward (backward) direction-
ality, whereas values around 0 indicate balanced forward
and backward emission. By means of the ratio fr, we
study the far-field behaviour of the resonator array as
a function of the inter-resonator distance d/R which is
displayed in Figure 3 a.
4Reversal of emission directionality. According to
FIG. 3 a we observe that decreasing d/R and hence in-
creasing the coupling strength, reduces the emission ratio
fr, i.e., less light is emitted into the forward direction.
For arrays consisting of more than three resonators, we
find the emission ratio fr to change sign, indicating back-
ward emission and thus a reversal of the emission direc-
tionality. For the mode chosen and N = 10 resonators,
we find fr to reach a minimum of around fr,min ≈ −0.22
at a cavity spacing of d/R ≈ 0.42.
The purple dashed line shows the result of a 10-resonator
array obtained with the generalized array factor model
(ψcn has been taken from a 4-resonator array) which
nicely agrees with the results from the full FDTD cal-
culation.
In order to investigate this behavior in more detail, we
look at the spatial distribution of the Ez-component of
the electric field amplitude as depicted in FIG. 3 b. We
clearly see a wave propagating downwards below the res-
onator array (resembling a plane wave propagation) as
indicated by the black arrows. Above the resonator row,
we observe wave propagation in form of an interference
pattern that indicates partially destructive interference.
The inset displays the entire far-field emission as a polar
plot, and confirms that more energy is emitted backwards
than forwards.
Assuming coupling between the resonators to be the rea-
son for the directionality reversion, then an interesting
question is: Why do 5 resonators show reversion, but 2
resonators do not? Following the fr-curve of 2 resonators
in FIG. 3 a, we observe that the emission ratio decreases a
bit with decreasing d/R-values but its minimum remains
positive. This slight decrease of fr indicates an increase
of the energy emitted into the backwards direction. It
turns out that directionality reversion is already present
for 2 resonators but it is masked by the emission from
the edges of the array (see Supplemental Material FIG.
4 [23]). The directionality reversion arises from the cou-
pling regions (in-between space of two resonators) and it
needs a certain number of these coupling regions to over-
come the effect of the emission from the edge regions.
Super-directional light emission from linear ar-
rays. By decreasing the distance d/R between the
resonators further, the emission ratio changes sign and
reaches a maximum fr,max ≈ 0.89 at d/R = 0.32 for
N = 10 resonators. This maximum is even higher than
the value found at the element distance d/R ≈ 1.0. It in-
dicates that the coherent modal action of the resonator
array results in a super-directional forward emission of
light. This is illustrated in Figure 3 c. Contrary to Fig-
ure 3 b, we now find (almost) planar wave propagation
into the forward direction. The interference pattern vis-
ible below the resonator row indicates destructive inter-
ference and hence reduced energy flow into the backward
direction, as confirmed by the inset showing the full po-
lar plot.
We point out that the emission patterns in Figs. 2 b and
3 c look similar as both correspond to values fr > 0.
Notice however that the planar-wave-type propagation
(destructive interference) in forward (backward) direc-
tion are even more pronounced for the strong coupling
case shown in Fig. 3 c.
The gray dashed line in FIG. 3 a corresponds to the
(standard) array factor model (Equ. 2) with N = 10
resonators. It represents the case of weakly coupled
resonators and shows a constant fr-value because of
|AF (θ)|2 = |AF (pi + θ)|2 and EFFz,single(θ) being indepen-
dent from d/R.
Generalized array factor model. We now study
the generalized array factor model in more detail. In
this context, an interesting question is: Is it possible
to predict the features of a 10-resonator array with the
aid of the generalized array factor model utilizing the
coupling features of a 2 or 3-resonator array?
To this end, we compute the emission ratio for a 10-
resonator array based on the far fields obtained from the
generalized array factor model where the ψcn have been
taken from a 1, 2, 3, 4, and 5 element resonator array,
respectively (see Supplemental Material FIG. 3 [23]).
The corresponding results are shown in FIG. 4 with a
comparison to the exact emission ratio of a 10-resonator
array. The case of ψcn taken from 1 resonator is identical
to the array factor model of uncoupled resonators, as
described by Equ. (2).
The emission ratio with ψcn taken from 2 resonators
displays very weak directionality reversion and very weak
super-directionality. At least, one could guess that such
features exist. As pointed out earlier, the directionality
reversion feature is already present for 2 resonators but
it is masked by the emission from the edge regions. The
best agreement with the exact curve is obtained for the
case with ψcn taken from 4 resonators. Interestingly, the
results with ψcn taken from 5 resonators show too much
directionality reversion compared to the exact result.
The reason for this is that we neglected the role of the
amplitudes αn. For reasons of simplicity, the αn have
been set to unity which is not correct if the array gets
larger, because of the amplitude distribution within the
array mode with high amplitudes for central resonators
and low amplitudes for edge resonators.
The generalized array factor model can qualitatively
predict the emission ratio of a 10-resonator array and
reveals that the reversion of the directionality arises
from the coupling of the single resonator modes. It
cannot be modeled by a proper superposition of the
single resonator modes (as described in equation 2).
Thus, the coupling between the resonators plays an
essential role. This implies immediately that the re-
versed and super-directional emission will be resonance
dependent, see Supplemental Material FIG. 5 [23]. A
complementary interpretation of our findings based on
(generalized) phase-space arguments [14] is in progress
and will be subject of a subsequent study.
Conclusion. Our FDTD calculations revealed that
the directionality of the emission of photonic devices can
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FIG. 4. Results of the emission ratio fr calculated from the
generalized array factor model for N = 10, cf. Equ. (3), where
ψcn was taken from a 1, 2, 3, 4, and 5 element resonator array,
respectively. The dashed red line represents the “exact” emis-
sion ratio of a 10-element resonator array.
be considerably enhanced using array structures, both
concerning the fraction of the directionally emitted light
and its angular spread. Moreover, the main emission
direction of the cavity ensemble can be inverted such
that light is mostly emitted into the direction opposite
the one of the singly cavity. We argue that this effect
arises from the coupling of the individual resonators.
The directionality properties depend strongly on (i) the
normalized distance d/R between the resonators and
(ii) the properties of the individual resonant modes.
Furthermore, the directionality reversion behavior
depends on the number of the resonators in the ar-
ray, and emerges only if their number is larger than three.
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I. ARRAY MODES AND EXCITATION SCHEME USED IN MEEP
The strong-coupling regime exhibits five pairs of eigenfrequencies corresponding to five sym-
metric and five anti-symmetric array modes. Three examples of TM-polarized array modes
calculated by COMSOL are displayed in FIG. 1 a - c. The array modes shown in FIG. 1
a and b look like joining together symmetric and anti-symmetric single resonator modes,
whereas the mode pattern displayed in FIG. 1 c exhibits two resonators with almost no field
inside. FIG. 1 d shows the field distribution after equally exciting each resonator at the
single resonator Eigenfrequency calculated in MEEP.
In order to excite the resonators, a point source was placed inside each resonator at the
positions indicated by black crosses and arrows in FIG. 1 d. Each point source was emitting
a TM-polarized (Ez-field) Gaussian pulse centered at the single resonator Eigenfrequency
f0,meep = 1.12056 with a pulse width ∆fmeep = 0.01. After the Gaussian pulse decayed, the
simulation was running for additional 100 periods. Following this, the fields were extracted
and plotted, and the far fields were computed. The relation between the MEEP-frequencies
and the normalized frequency kR used in the manuscript is given by kR = 2pifmeepRmeep
whereas Rmeep is the value of R used in the MEEP-simulation. Usually, this value is set to
unity.
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FIG. 1. a - c: Field distributions Ez of TM-Eigenmodes of a resonator array with inter-resonator
distance d/R = 0.45 calculated by COMSOL. a: symmetric array mode (w.r.t. the dashed vertical
line) with symmetric mode pattern in each resonator. b: anti-symmetric array mode with anti-
symmetric mode pattern in each resonator. c: symmetric array mode with outermost resonators
being in opposite phase w.r.t the central resonator. d: state after exciting each resonator at the
single resonator eigenfrequency calculated in MEEP, see text for further details.
II. FROM FAR FIELDS TO ARRAY FACTORS
In order to compute far fields, we use the so called near-field-to-far-field transformation, a
common method in FDTD software. Exemplarily, we want to compute the far field of a TM
mode. The corresponding transformation for the z-component of the electric field in a far
distance r is:
EFFz (θ) = A
∮
C
(ωµ0ez · Jeq(r′)− k[ez ×Keq(r′)] · er) · exp (−iker · r′) ds′, (1)
where A, µ0, ω and k is a complex r-dependent factor, the magnetic field constant, the
frequency and the wave number, respectively. ez, er, Jeq and Keq represent the unit vector
in z-direction, the unit vector into the r-direction spanning the far-field angle θ with respect
2
the x-axis, the equivalent electric and the equivalent magnetic currents, respectively. r′ is the
position vector of the fictitious boundary of the near fields (position of equivalent currents).
The integration is performed along a closed contour surrounding, e.g. the scattering or
emitting object.
Now, let us consider a resonator array in the weak-coupling regime. Hence, the far field of
the array is a superposition of the far fields of each resonator:
EFFz,array(θ) =
N∑
n=1
αn
∮
Cn
fn(Jeq,n,Meq,n) exp (−iker · r′n) ds′n, (2)
where each resonator is shifted by a distance D (distance between the centers of two res-
onators). Thus, r′n = r
′+ (n− 1)Dey if the resonators are shifted along the y-direction, and
ds′n = ds
′. Since we are exciting the same mode in each resonator, all the near fields have
to be the same. As a result the sum simplifies as follows:
EFFz,array(θ) =
N∑
n=1
αn
∮
C
f(Jeq,Meq) exp (−iker · r′) ds′ · exp (−ikD(n− 1)er · ey) . (3)
The integration inside the sum represents the far field of a single resonator placed at the
origin and may be evaluated outside the sum. After rearranging the remaining terms, we
obtain:
EFFz,array(θ) = E
FF
z,single(θ)
N∑
n=1
αne
−ikD(n−1) sin θ.
The sum on the right-hand side represents the so called array factor. FIG. 2 shows the
squared absolute values of the array factor for 2,5 and 10 resonators, as well as the far-field
intensity of a single resonator. We see that the width of the peaks of the array factors is
reduced clearly from 2 to 5, but is changing slightly from 5 to 10. This slight change of the
width is the reason why the side peaks of the array far field seems to saturate as displayed
in FIG. 2 of the manuscript.
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FIG. 2. Comparing the far field intensity I ∝
∣∣∣EFFz,single(θ)∣∣∣2 and the square of the absolute values of
the array factors
∣∣∣∑Nn=1 αne−ikD(n−1) sin θ∣∣∣2 for N = 2, 5, 10. Please note, the far field of the single
Limac¸on and the squared absolute values of the array factors have been normalized to 1.
III. GENERALIZED ARRAY FACTOR MODEL
The generalized array factor model takes the coupling of the resonators into account. In
the strong coupling regime, ψn and E
FF
z,array of the bare single cavity are replaced by the
respective quantities ψcn and E
FF,c
z,array of the single coupled cavity as illustrated in FIG. 3 a -
c.
The far field of the resonator array in the strong coupling regime is modeled by multiplying
the far fields of the single coupled cavity with the array factor:
EFF,cz,array(θ) ∝ EFF,cz (θ)
N∑
n=1
αne
−ikD(n−1) sin θ. (4)
For reasons of simplicity, the coefficients αn are set to unity. The far fields have to be
computed within a small θ-range (∆θ = ±20◦), separately for the forward and backward
direction since the ψcn-region does not enclose the total FDTD-cell.
4
near-to-far-field transformation 
into forward direction
near-to-far-field transformation 
into backward direction
n. to ff. trans.
edge
region
coupling
region
edge
regiona b
c
FIG. 3. a - c: Field distributions Ez of 2 (d/R = 0.58), 3 (d/R = 0.52) and 4 (d/R = 0.46)
resonators, respectively. The field ψcn inside the gray region containing the coupling information is
used to compute the far fields EFF,cz into the forward and backward direction.
IV. DIRECTIONALITY REVERSION DEPENDING ON NUMBER OF ARRAY
ELEMENTS
The feature of directionality reversion is already present for a 2 and 3 resonator array, as can
be concluded from the emission ratio values highlighted in the table of FIG. 4. The emission
ratio values f coupingr,min are computed from the fields inside the coupling regions. Actually,
the f coupingr,min -values for 2 and 3 resonators are negative which indicates that more energy
is emitted backwards than forwards inside the coupling regions. The fact that the total
(including coupling and edge regions) emission ratio fr,min for 2 and 3 resonators is positive
suggests that the emission from the edge regions is too dominant and masks the directionality
reversion. We expect that with increasing number of array elements N the emission from the
edge regions should be less relevant. For N ≥ 4 both f coupingr,min and fr,min are negative which
indicates that the directionality reversion of the entire array occurs. Furthermore, it indicates
that the emission from the edge regions is less relevant. Interestingly, the directionality
reversion occurs if the number of coupling regions exceeds the number of edge regions, as
displayed in the right column of the table in FIG. 4.
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FIG. 4. a - c: Field distributions Ez of 2 (d/R = 0.52), 3 (d/R = 0.46) and 4 (d/R = 0.40)
resonators, respectively. d/R-values correspond to the minima of fr, respectively. d: Corresponding
far-field intensities of the array modes shown in figures a - c. Table: Comparison of the emission
ratio values computed from the coupling regions f coupingr,min and of those computed from the entire
FDTD-cell fr,min (including coupling and edge regions, as indicated in figures a - c ) for various
resonator numbers N .
V. RESONANCE DEPENDENCE OF DIRECTIONALITY REVERSION AND
SUPER-DIRECTIONALITY
Since far fields are a resonance dependent feature, we expect the emission ratio to depend
strongly on the chosen resonance. As a consequence, the directionality reversion and super-
directionality will depend strongly on the resonance as our findings in FIG. 5 illustrate.
FIG. 5 a shows the emission ratio for four different modes. The corresponding modes and
far fields of the single resonator are displayed in FIG. 5 b. All four modes show similar
far-field features, namely a pronounced main lobe into the forward direction (θ = 0◦) and
two side lobes into the directions with θ = ±150◦. The crucial difference between the modes
1,2 (showing directionality reversion) and the modes 3,4 (without or weak directionality
reversion) is the emission into the backwards direction θ = ±180◦ as indicated by red arrows
in the far-field plots in FIG. 5 b.
This suggests that the backward-emission peak of the uncoupled resonator plays an impor-
tant role for the inter-resonator coupling (work in progress).
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FIG. 5. a: Emission ratio of a 5-resonator array excited at for four different modes. b: collocation
of the corresponding uncoupled (single) resonator modes and far fields.
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